INTRODUCTION
High-energy neutrino beams have found intensive and varied application in particle physics experimentation in the last decades. This review is constrained to a few of the most fruitful examples: the discovery of neutral currents, the measurement of the Weinberg angle, the study of weak currents and the consequent test of the electroweak theory, the study of nucleon quark structure, and the testing of quantum chromodynamics (QCD).
Other studies, such as the production of "prompt" neutrinos, the search for finite neutrino masses and neutrino oscillations, the search for heavy leptons or other new particles, or the measurement of proton and neutron structure functions, elastic and pseudoelastic cross sections, and other exclusive processes, are not discussed here. Neutrino experiments have been pursued vigorously at the Brookhaven National Laboratory, at Fermilab, and at CERN. It is fair to say that they have made large contributions to our understanding of particle physics.
NEUTRINO BEAMS
Present neutrino beams are produced in four steps: (i) production of secondary hadrons in the collision of highenergy protons on a fixed target; (ii) momentum (charge) selection and focusing of the hadrons; (iii) passage of the beam through an (evacuated) decay region, long enough to permit a substantial fraction of the hadrons to decay; (iv) absorption of the remaining hadrons and the muons that are produced along with the neutrinos in a shield of adequate thickness. The two-body decays m+' ' p ' '+v(v) energy dependence in the contribution from each of the two decays, and small wrong-sign background. They also have the important feature that the energy of the neutrino can be known, subject to a twofold m-K dichotomy, if the decay angle is known. In general this can be inferred from the impact parameter of the event in the detector.
DETECTORS
The low cross sections of neutrinos are reflected in two general features of neutrino detectors: (i) they are massive; (ii) the target serves also as detector.
In the seventies, the most successful detectors were large bubble chambers. 
where r is the ratio of antineutrino to neutrino CC total cross sections: r =o. ' dx dp G~Em x[q(x)+(1 -y) q(x)] .
Quark structure of the nucleon
In 1969, at the newly completed two-mile linear electron accelerator at SLAC, it was discovered (Bloom et al. , , 1970 Breidenbach et al. , 1969 ) that in electron-proton collisions, at high momentum transfer, the form factors were independent of Q . This so-called "scaling" behavior is characteristic of "point, " or structureless, particles. The interpretation in terms of a composite structure of the protons -that is, protons cornposed of pointlike quarks -was given by Bjorken (1969) and Feynman (1972 cleon divided by neutrino energy. The Aat "scaling" behavior is a consequence of the pointlike interaction of the constituents (de Groot et ah. , 1979; Abramowicz et a1. , 1982a Abramowicz et a1. , , 1983 Abramowicz et a1. , , 1988 (QCD) QCD is the elegant new gauge theory of the interaction of quarks and gluons, which describes the binding of quarks into the hadrons. Deep-inelastic lepton scattering provided a means of testing the predictions of this important theory and gave it its first experimental support. So far, no one has succeeded in calculating low-energy hadronic phenomena such as the wave functions of quarks in hadrons, because of the large coupling constant that frustrates perturbation methods at low energy. At high Q, however, the efFective coupling constant becomes logarithmically smaller, and perturbation calculations become credible. The theory predicts "scaling violations" in the form of a "shrinking" of the structure functions towards smaller x as Q gets larger. This is observed experimentally, as can be seen from Fig. 16 . In the theory, the "shrinking" is the consequence of the emission of gluons in the scattering process. This emission can be calculated. The Q evolution at sufficiently high Q is therefore quantitatively predicted by the theory. In neutrino experiments, this Q evolution could be measured, al. , 1975) and studied in detail in the CDHS experiments (Holder et al. , 1977a; Abramowicz et al. , 1982b) .
These reactions occur with roughly -"'0of the rate of the dominant single-muon events. The experiments are interesting, on the one hand because they confirm the doublet structure of the quark weak current proposed some years ago by Glashow, Iliopoulos, and Maiani (1970) , and which is fundamental to the electroweak theory, and on the other hand because they give such a vivid confirmation of the nucleon quark structure altogether.
The origin of the extra muon was. quickly understood as being due to the production of charmed quarks and their subsequent muonic decay. In the Glashow- 1982a, 1983, 1988) .
The identification of the extra muon events with charm decay is experimentally confirmed in a number of ways.
(i) Opposite-sign muons are produced, like-sign ones are not.
(ii) In general, the extra muon has little energy.
(iii) The extra muon is correlated, as expected, to the direction of the hadron shower, of which the charmed particle is a part.
The GIM paper (Glashow, Iliopoulos, and Maiani, 1970) preceded the experimental discovery of charm by five years. It was proposed because of the theoretical attractiveness of the doublet structure of the weak currents.
The predictions were precise. The dominant process is v+s -+p +c.
The observed x distribution is therefore that of the strange sea in the nucleon. (b) for neutrinos. 
